SUMMARY
DNA fragments representatives of ndvA and ndvB have been used as probes against genomic DNAs from different Rhizobium and Bradyrhizobium species, ndvA and ndvB homologues were found in all species, indicating extensive conservation of these genes. All Rhizobium species show chromosomal localization of ndvA and ndvB homologues.
INTRODUCTION
Amongst other genera the family Rhizobiaceae includes Agrobacterium and Rhizobium which differ from each other primarily in the type of association they form with plants. Rhizobiurn species are agriculturally beneficial plant symbionts that induce nitrogen-fixing nodules on the roots of legumes, whereas Agrobacterium species cause crown gall tumors when present on wounded tisCorrespondence to: A.J. Palomares, Microbiology Department, Faculty of Pharmacy, University of Seville, 41012 Seville, Spain.
sues of dicotyledonous plants. Infection involves the transfer and integration of a portion of a tumor-inducing plasmid (the T-DNA) to the plant cells. T-DNA genes code for the synthesis of plant growth regulators auxins and cytokinins, which are responsible for tumor formation [1] .
In addition to the T-DNA sequences, there is a second region of the Ti plasmid, the vir region, encoding genes that are involved in virulence, and virulence functions are also encoded by the Agrobacterium chromosome [2] . Two loci have been described to date, chvA and chvB. Strains carrying mutations at these loci are defective in plant cell attachment and are avirulent, chvB mutants no longer synthesize a low-molecular-weight /3-1, 2-glucan that is synthesized by the wild-type strain and may be necessary for attachment of Agrobacterium tumefaciens to plant cell surfaces [3] .
The chromosomal genes chvA and chvB of A. tumefaciens were found to be essential not only for tumor induction but also for the formation of root nodules on bean plants by Agrobacterium containing Rhizobium leguminosarum by. phaseoli sym-plasmid [4] .
Symbiotically essential genes have been identified in Rhizobium meliloti that are structurally and functionally related to the chromosomal virulence genes of Agrobacterium (chv); they have been designated ndv because of their requirement for nodule development [5] .
ndvA mutants of R. meliloti form small, white, empty nodules on alfalfa roots and are defective in the production of the cyclic extracellular polysaccharide /3-1,2-glucan [6] . ndvB mutants have been found to induce the formation of nodule-like structures on alfalfa that are devoid of bacteroids, lack infection threads, and cannot fix nitrogen [5] .
While the ndvB mutants appear to have a symbiotic phenotype that is very similar to that reported for exo mutants, an important difference pertains to root hair curling, exo mutants of R. meliloti interact infrequently, if at all, with root hairs [7] , whereas ndvB mutants are only slightly reduced in their ability to induce root hair curling. This suggests that ndvB mutants are able to carry out more of the normal infection process than exo mutants. Further chromosomal loci involved in the development of the symbiotic process have been recently described [8] .
Here we report the use of ndvA and ndvB genes from R. meliloti 102F34 as hybridization probes against total DNAs isolated from different Rhizobium and Bradyrhizobium strains to study the interspecies homology as well as against plasmid profiles to determine the genomic localization.
MATERIALS AND METHODS

Strains and plasmids
These are summarized in Table 1 .
Media and growth conditions
R. meliloti strains were grown at 30 °C in rich medium YTA [17] . Other rhizobia were grown at 30°C in YT medium [18] . Escheriehia coil was grown at 37 ° C in LB medium [19] . A. tumefaeiens was grown at 30°C in LB medium. When appropriate, LB medium was supplemented with ampicillin, 100 ~tg. m1-1.
DNA isolation procedures
Plasmid DNA was isolated by the procedure of Birnboim and Doly [21] and was further purified by using cesium chloride-ethidium bromide density gradients. Total genomic DNA from Rhizobium and Agrobacterium was isolated as previously described by Better et al. [22] .
Megaplasmid detection in agarose gel
Megaplasmid DNA was detected by gel electrophoresis by the in-well lysis procedure of Eckhardt [23] . The modifications of Rosernberg et al. [24] were used. Horizontal gels with the double well system and TBB buffer [24] 2 mm above the gel were subjected to electrophoresis for 1 h at 20 V and then for 3 h at 100 V. After staining with ethidium bromide the DNA was visualized under UV light and photographed.
Enzymes and isotopes
Restriction endonucleases were purchased from Boehringer Mannheim and all enzymes were used according to the manufacturers recommendation. 32p-dCTP was from Amersham.
Hybridization analysis
Total genomic DNA from Rhizobium strains was digested with restriction enzymes, run in 0.7% agarose gels and blotted onto nitrocellulose filters (Millipore. HA, 0,45 /zm) according to the Southern procedure [25] .
Nick-translated DNA probes were hybridized overnight at 37 °C in 5XSSC/50% v/v formamide containing heparin at 100 /xg. ml-~ before being washed and processed for autoradiography (1XSSC = 0.15 M sodium chloride/0.015 M sodium citrate, pH 7.0).
Horizontal gels with megaplasmid DNA from Rhizobium and Agrobacterium strains were used for blotting, and hybridized as described above. After electrophoresis, DNA was hydrolized partially by acid depurination (by soaking the gel 15 rain in 0.25 M HCI at room temperature) prior to alkali denaturation. This acid-induced cleavage aids in the transfer of large DNA fragments.
RESULTS
DNA fragments representatives of nodule development loci ndvA and ndvB were used as hy- 
Hybridization with ndvA
The ndvA probe was a 2.7 kb SalI fragment of the nduA locus of R. meliloti 102F34 cloned into the SalI site of pUC9 (pDOB13, Table 1 ).
As can be seen in Fig. 1 , DNA fragments homologous to the ndvA probe were present in the genomes of all six fast-growing Rhizobium species studied: R. leguminosarum by. trifolii (lanes 1-3) 
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One single specific and highly homologous band was present for most of the species, Only R. meliloti AK631 and R. cowpea NGR234 show more than one band presumably due to reiteration of the sequence since these bands appeared after digestion with either EcoRI, HindlII or BamHI (Fig. 1, Table 2 (Fig. 2, Table 2 ).
4.2, Hybridization with
Chromosomal locaBzation of ndv homologues
To demonstrate the localization of ndv homologues, plasmid DNAs of Rhizobium species were separated by agarose gel electrophoresis. The gels were transblotted to nitrocellulose filters and hybridized with 3Zp labelled nick translated ndv probes. In none of the strains, hybridization of The values were obtained from hybridization of the ndvA and ndvB probes with total DNAs from the strains and species listed in Table 1 . Total DNA from each strain was digested with 3 different restriction endonucleases and hybridized separately. As a positive hybridization control of a plasmid-borne gene we used a nifA probe and a nod common probe. In both cases hybridization was found in the wells as well as in the DNA band corresponding to the sym-plasmid of each strain studied. Fig, 3 Fig. 1 ).
The reiteration studies using the ndvB probe suggest that R. legurninosarum by. trifolii presents three repetitions; however, the other Rhizobium and Bradyrhizobiurn strains with the exception of the two reiterations from R. legurninosarurn by. phaseoli CIAT899 and its sym-plasmid cured derivative strain exhibit only one copy (Table 2, Fig.  2 ).
Data shown in Fig. 3 
